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(57)  Amapdatadistribution systemincludes aserver
which distributes map data and a mobile terminal which
receives the map data. The server stores, for each area,
the difference data between pieces of map data obtained
before and after updated, and sends the difference data
of map data of an area requested by the mobile terminal
to the mobile terminal. The mobile terminal includes a
database for storing map data and an updated-data store
part for storing updated map data, generates updated
data by using the received difference data, stores the
updated data in the updated-data store part and then in
the database. To fetch map data while the updated data
is being stored from the updated-data store part to the
database, when the map data to be fetched is stored in
the updated-data store part, the mobile terminal fetches
the map data from the updated-data store part.

Map data distribution system and map data updating method
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Description

[0001] The present invention relates to a technique of
updating map data stored in a mobile terminal.

[0002] In navigation systems, in a case where a part
of map data stored in a server is updated, when only the
part of the map data is updated in a mobile terminal, a
navigation function may not be properly performed. For
example, when a new road is constructed in an update
target area, the road included in the area, whose map
data has been updated, may not be connected to roads
included in areas which are contiguous to the update
target area and whose map data has not been updated.
To address this problem, JP-A-2004-177245 discloses
a technique which ensures road connectivity by expand-
ing, along the changed road, the update target area to
include areas in which the road is connected to existing
roads.

[0003] Further, if changed information is reflected in
map data of the whole country, a long processing time
is required and the map data cannot be used while update
processing is being performed. JP-A-2006-220524 dis-
closes a technique in which map data of a required area
is updated when necessary and only a changed part in
the map is updated. When the technique disclosed in JP-
A-2006-220524 is used, it is ensured that the map data
of at least the required area has been updated even if
map data of the whole country has not been updated, so
that navigation can be properly performed.

[0004] According to the technique disclosed in
JP-A-2004-177245, road connectivity can be ensured
even when a limited area is updated, by expanding the
update target area such that road connectivity can be
maintained. However, since areas included in the ex-
panded update target area must be updated at the same
time, a long processing time is required to handle the
wide update target area. Since map data cannot be re-
ferred to while update processing is being performed, the
map data cannot be referred to for a long time.

[0005] Further, according to the technique disclosed in
JP-A-2006-220524, since map data is updated when
necessary, the map data can be referred to even while
update processingis being performed. However, itis nec-
essary to create a file for each area, which is a unit for
updating. If map data of Japan is divided, for example,
in units of several kilometers, several tens of thousands
of files need to be managed and a large load is imposed
when the map data is referred to.

[0006] In order to solve the problem inherent to the
technique disclosed in JP-A-2006-220524, a method us-
ing a database management system (hereinafter, re-
ferred to as "DBMS") is generally used. However, index
information (indexes) used to search files for specific ar-
ea data is required to quickly refer to the map data using
DBMS. If the update target area is wide, a long time is
required to update the indexes, and, as a result, the map
data cannot be referred to for a long time.

[0007] Inview of the above-mentioned circumstances,
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the present invention has been made, and therefore, it
is preferable for’ the present invention to allow, in a map
data distribution system using DBMS, the use of map
data even when a long processing time is required to
create indexes.

[0008] According to a typical aspect of the present in-
vention, there is provided a map data distribution system
including: a data distribution server which distributes map
data; and a terminal which receives the map data, the
data distribution server including a difference data data-
base for storing, when the map data is updated, differ-
ence data between map data before updated and updat-
ed map data, for each area, and the terminal including:
a database for storing the map data distributed from the
map distribution server; and an updated-data store part
for storing the updated map data until the updated map
dataisreflectedin the database, wherein: when arequest
for map data of an updated target area is received from
the terminal, the data distribution server sends difference
data for the updated target area from the difference data
database to the terminal; the terminal generates updated
data by applying the difference data sent from the data
distribution server to the map data stored in the database;
the terminal writes the generated updated data in the
updated-data store part; the terminal writes the updated
data stored in the updated-data store part, in the data-
base; when a request to fetch the map data is received
from an application which uses the map data while the
updated data stored in the updated-data store part is be-
ing written in the database, the terminal determines
whether the fetch-requested map data has been stored
in the updated-data store part; when the fetch-requested
map data has been stored in the updated-data store part,
the terminal fetches the fetch-requested map data from
the updated-data store part; and when the fetch-request-
ed map data has not been stored in the updated-data
store part, the terminal fetches the fetch-requested map
data from the database.

[0009] According to anaspect of the presentinvention,
even while map data stored in a database is being up-
dated, the map data can be used.

IN THE DRAWINGS
[0010]

FIG. 1 is a system configuration diagram of a map
data distribution system according to a first embod-
iment of the present invention;

FIG. 2 is a diagram of programs and data included
in the map data distribution system according to the
first embodiment of the present invention;

FIG. 3is a diagram showing an area data table which
stores map data, according to the first embodiment
of the present invention;

FIG. 4A is a diagram showing map data version 1
according to the first embodiment of the present in-
vention;
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FIG. 4B is a diagram showing map data version 2
according to the first embodiment of the present in-
vention;

FIG. 4C is a diagram showing map data obtained
after one of areas is updated in the first embodiment
of the present invention;

FIG. 5 is a diagram showing an area-based map up-
date data management table according to the first
embodiment of the present invention;

FIG. 6 is a diagram showing an overview of a pro-
cedure to update map data stored in a terminal, ac-
cording to the first embodiment of the present inven-
tion;

FIG. 7 is a diagram showing a data structure of an
updated-data store part according to the firstembod-
iment of the present invention;

FIG. 8 is a flowchart showing the entire procedure
of update processing for map data stored in the ter-
minal, according to the first embodiment of the
present invention;

FIG. 9 is a diagram showing a data update state in
each process of map data update processing ac-
cording to the first embodiment of the present inven-
tion;

FIG. 10 is a diagram showing an example data struc-
ture of difference data according to the first embod-
iment of the present invention;

FIG. 11 is a diagram showing a procedure of an up-
dated-data generating process according to the first
embodiment of the present invention;

FIG. 12 is a diagram showing a data flow in an up-
dated-data transferring process according to the first
embodiment of the present invention;

FIG. 13 is a diagram showing a procedure of the
updated-data transferring process according to the
first embodiment of the present invention;

FIG. 14 is adiagram of a data flowin a process where
an application requests for map data in the first em-
bodiment of the present invention;

FIG. 15 is a diagram of a data flow in a process of
fetching requested map data and sending the map
data to an application, in the first embodiment of the
present invention;

FIG. 16 is a diagram of an application-requesting-
data searching process according to the first embod-
iment of the present invention;

FIG. 17 is a diagram of a process performed when
map data is updated in the first embodiment of the
present invention;

FIG. 18 is a diagram of the processes in the proce-
dure and corresponding screen transitions accord-
ing to the first embodiment of the present invention;
FIG. 19 is a diagram showing example tables stored
in a database according to a second embodiment of
the present invention;

FIG. 20 is a flowchart showing a procedure of an
application-requesting-data searching process ac-
cording to the second embodiment of the present
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invention;

FIG. 21 is a diagram showing an example node data
table and an example link data table according to a
third embodiment of the present invention; and
FIG. 22 is a diagram showing tables for storing up-
dated data, according to the third embodiment of the
present invention.

First Embodiment

[0011] FIG. 1 is a system configuration diagram of a
map data distribution system according to a first embod-
iment of the present invention.

[0012] The map data distribution system according to
the first embodiment of the present invention includes a
map distribution server 11 and a terminal 12. The map
distribution server 11 and the terminal 12 are connected
to each other via a network 120. The map distribution
server 11 distributes map data to the terminal 12. The
terminal 12 receives and stores the distributed map data.
The terminal 12 displays map information by using the
map data stored therein and performs a navigation func-
tion according to an instruction of a user.

[0013] The map distribution server 11 includes a proc-
essor 110, an input and output unit 111, a storage 112,
and a communicator 113.

[0014] The processor 110 includes a CPU 105 and a
memory 106. The CPU 105 executes a program stored
in the memory 106 to perform a predetermined process.
The memory 106 stores programs to be executed by the
CPU 105 and data required to execute the programs.
The memory 106 may be either a volatile memory or a
nonvolatile memory. Note thatthe programs and the data
stored in the memory 106 will be described later in detail
with reference to FIG. 2.

[0015] The input and output unit 111 includes an input
device 101 and an output device 102. The input device
101 is used to input information necessary to manage
the map distribution server 11. The input device 101 is a
keyboard, for example. The output device 102 displays
management information for the map distribution server
11. The output device 102 is a display unit, for example.
[0016] The storage 112 includes an external storage
103 and a storage reader 104. The external storage 103
stores map data to be distributed by the map distribution
server 11. The external storage 103 is, for example, a
magnetic disk device or a flash memory. The storage
reader 104 reads information stored in a storage medium
such as a DVD. Note that data stored in the storage 112
will be described later in detail with reference to FIG. 2.
[0017] The communicator 113 includes a network in-
terface 107. The map distribution server 11 is connected
to the network 120 via the network interface 107.
[0018] The CPU 105, the memory 106, the input device
101, the output device 102, the external storage 103, the
storage reader 104, and the network interface 107 are
connected to one another via an internal bus.

[0019] The network 120 includes a wireless base sta-
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tion 121 and is connected to the terminal 12, which in-
cludes a wireless communicator 122.

[0020] The terminal 12 further includes a processor
131, a communicator 132, a current-position measure-
ment device 133, a storage 134, and an input and output
unit 135.

[0021] The processor 131 includes a CPU 141 and a
memory 142. The CPU 141 executes a program stored
in the memory 106 to perform a predetermined process.
The memory 142 stores programs to be executed by the
CPU 141 and data required to execute the programs.
The memory 142 may be either a volatile memory or a
nonvolatile memory. Note that the programs and the data
stored in the memory 142 will be described later in detail
with reference to FIG. 2.

[0022] The communicator 132 includes a network in-
terface 143 and the wireless communicator 122. The net-
work interface 143 is connected to the network 120 via
the wireless communicator 122.

[0023] The current-position measurement device 133
measures the current position of the terminal 12. Specif-
ically, the current position of the terminal 12 is measured
by using the global positioning system (GPS) or the like.
[0024] The storage 134 includes an external storage
146 and a storage reader 147. The external storage 146
stores map data. The external storage 146 is, for exam-
ple, a magnetic disk device. The storage reader 147
reads information stored in a storage medium such as a
DVD. Note that data stored in the storage 134 will be
described later in detail with reference to FIG. 2.

[0025] The input and output unit 135 includes an input
device 144 and an output device 145. The input device
144 is used to input necessary information and to operate
the terminal 12, for example, to activate the navigation
system. The input device 144 is a touch panel, for exam-
ple. The output device 145 displays map information
around the current position or a destination. The output
device 145 is an LCD display unit, for example. Further,
the output device 145 may also output information by
sound.

[0026] The CPU 141,the memory 142, theinputdevice
144, the output device 145, the external storage 146, the
storage reader 147, the network interface 143, and the
current-position measurement device 133 are connected
to one another via an internal bus.

[0027] FIG. 2 is a diagram of programs and data in-
cluded in the map data distribution system according to
the first embodiment of the present invention.

[0028] The processor 110 of the map distribution serv-
er 11 includes a difference data generator 216 and a
distribution data selector 214. The difference data gen-
erator 216 and the distribution data selector 214 are
stored in the memory 106 included in the processor 110.
The difference data generator 216 and the distribution
data selector 214 are programs to be executed by the
CPU 105.

[0029] The storage 112 of the map distribution server
11 includes a difference data database 215. The differ-
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ence data database 215 is stored in the external storage
103 of the storage 112.

[0030] The CPU 105 executes the difference data gen-
erator 216 to extract difference data between the latest
map data and the map data before updated, and stores
the difference data in the difference data database 215.
Data to be stored is change information, such as the ad-
dition of a new road, a change in speed limit, or the ad-
dition of a new shop. The CPU 105 executes the distri-
bution data selector 214 to select and distribute the stored
data in response to a request sent from the terminal 12.
Note that, since the difference data database 215 in-
cludes the initial map data, the difference data can be
generated by using only information stored in the differ-
ence data database 215.

[0031] The map distribution server 11 includes a serv-
er-side communicator 213 in the communicator 113. The
above-mentioned stored difference data is distributed to
the terminal 12 via the server-side communicator 213
through the network 120.

[0032] The terminal 12 includes a terminal-side com-
municator 212 in the communicator 132. The terminal 12
receives the difference data distributed by the map dis-
tribution server 11, via the terminal-side communicator
212, and stores the difference data in the external storage
146.

[0033] The processor 131 of the terminal 12 includes
an update-extension-area deciding part 203, a map data
search engine 204, an application launcher 205, a differ-
ence data fetch part 206, an updated-data generator 207,
an application monitoring part 208, an updated-data
search part 209, and an updated-data transfer part 211.
The update-extension-area deciding part 203, the map
data search engine 204, the application launcher 205,
the difference data fetch part 206, the updated-data gen-
erator 207, the application monitoring part 208, the up-
dated-data search part 209, and the updated-data trans-
fer part 211 are programs stored in the memory 142 of
the processor 131.

[0034] The storage 134 of the terminal 12 includes a
database 202 and an updated-data store part 210.
[0035] The database 202 stores map data. The data-
base 202 is stored in the external storage 146 of the
storage 134.

[0036] The updated-data store part 210 temporarily
stores updated data which is generated by applying the
difference data distributed by the map distribution server
11 to the map data stored in the database 202. Specifi-
cally, the generated updated data is stored in the updat-
ed-data store part 210 until the updated data is stored in
the database 202. The updated-data store part 210 may
be included in the external storage 146. Alternatively, the
updated-data store part 210 may be included in the mem-
ory 142 of the processor 131 when the generated updat-
ed data has a small size or when the memory 142 has a
large capacity.

[0037] The update-extension-area deciding part 203
decides an update-extension-area which is an area to be
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updated based on the distributed difference data. The
map data search engine 204 searches for map data ac-
cording to an instruction of the user. The application
launcher 205 displays requested map data or performs
the navigation function such as route guidance, accord-
ing to an instruction of the user. The difference data fetch
part 206 obtains difference data from the map distribution
server 11.

[0038] The updated-data generator 207, the applica-
tion monitoring part 208, the updated-data search part
209, the updated-data store part 210, and the updated-
data transfer part 211 constitute an updated-data man-
agement part 201. The updated-data management part
201 updates map data stored in the database 202 based
on difference data distributed by the map distribution
server 11.

[0039] The updated-data generator 207 generates up-
dated map data based on the map data stored in the
database 202 and the distributed difference data. The
application monitoring part 208 monitors an application
execution state. The updated-data search part 209
searches for requested updated map data. The updated-
data transfer part 211 stores updated map data in the
database 202.

[0040] Road data included in the map data is stored in
a network data structure which includes a link corre-
sponding to a road and a node corresponding to an in-
tersection. Each link and each node have unique identi-
fiers.

[0041] Map datais divided, for example, into rectangle
regions and an identifier is assigned to each of the re-
gions. In the map data distribution system of the first em-
bodiment of the present invention, map data can be up-
dated for each region. Hereinafter, a region obtained
through division is referred to as an area, and an identifier
of each area is referred to as an area ID. Note that an
area may have a polygonal shape or a circular shape
instead of a rectangle shape. Further, when change in-
formation for an areais received from the map distribution
server 11, the area shape can be changed even after the
system starts operating.

[0042] Inthe firstembodiment of the presentinvention,
the map can be divided into areas having a desired size
such that the map is updated in a suitable manner for the
intended purpose. For example, it is possible to update
onlyanareathatincludes the current position or to update
only areas that include the route.

[0043] FIG. 3is a diagram showing an area data table
300 which stores map data, according to the first embod-
iment of the present invention. The area data table 300
stores, for each area, data on roads and intersections.
The area data table 300 is stored in the database 202.
Map data stored in the map distribution server 11 has
also the same table structure.

[0044] The area data table 300 includes an area ID
301, a link data column 302, and a node data column
303. The area ID 301 stores an identifier for identifying
an area. The link data column 302 stores link data cor-
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responding to a road. The node data column 303 stores
node data corresponding to an intersection or to a point
at which the road type is changed.

[0045] The link data column 302 stores one or more
pieces of information of link data 305 in a binary format.
The link data 305 includes information on a link ID, the
road type, the width of road, the number of points,
polyline-point data, a start node ID, and an end node ID.
Since binary data generated by collecting multiple pieces
of data is recorded in one column, pieces of data ac-
cessed simultaneously at high possibility can be read at
the same time.

[0046] The link ID stores an identifier for identifying a
link. The road type stores the type of a road, such as an
expressway. The width of road stores the width of a road.
The number of points, the polyline-point data, the start
node ID, and the end node ID store information for iden-
tifying the shape of a link and the connection state.
[0047] The node data column 303 stores node data
304 in a binary format, as in the link data column 302.
The node data 304 includes a node ID, a coordinate x,
a coordinate y, a connected-link count, and a connected-
link ID.

[0048] The node ID stores an identifier for identifying
a node. The coordinate x and the coordinate y store the
coordinates of the position of the node. The connected-
link count and the connected-link ID store information of
the links connected to the node.

[0049] Note that, when plural roads (links) include a
common node ID, this indicates that the roads are con-
nected. Based on road connection states, a route from
the current position to a destination can be searched for
by using a known route finding method such as the Dijk-
stra method.

[0050] When the user requests to update the map of
a specified area via the input and output unit 135, the
terminal 12 requests, via the network 120, the map dis-
tribution server 11 to send the difference data required
to update the map of the specified area. Hereinafter, an
area corresponding to map data to be updated is referred
to as an update target area. The terminal 12 reads the
difference data, obtained from the map distribution server
11, and updates the map data stored in the database 202
based on the update information on roads and intersec-
tions included in the obtained difference data.

[0051] When the map data is updated for each area,
if roads which are actually connected are not connected
in the map data even when the roads are located in a
range that is not specified by the user, the terminal 12
cannot properly perform the navigation function. Further,
different pieces of map data of an identical road, which
are obtained before and after change, should be prevent-
ed from being stored. Furthermore, it is preferred that the
map data be updated such that a road which goes to the
outside of an update target area is connected at least to
the road outside the update target area.

[0052] In order to solve the above-mentioned prob-
lems, the map distribution server 11 distributes difference
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data to prevent a road passing through areas from being
disconnected.

[0053] In the map data distribution system of the first
embodiment of the present invention, map data is peri-
odically updated, and the map data to be updated satis-
fies two conditions described below. In a first condition,
the link ID of a road and the node ID of an intersection
that are actually not changed are unchanged among dif-
ferent versions. With the first condition, the difference
between pieces of road data can be properly obtained.
In a second condition, a road in one area continues in
another area in the map data of all areas if the road ac-
tually continues. Accordingly, when route search is per-
formed in the map data of one area, at least one route is
found. A sequential number assigned to map data peri-
odically updated is used as a version number. Note that
map data having alargerversion number is updated more
recently.

[0054] An outline of a procedure to update map data
for each area will be described with reference to FIGS.
4A to 4C.

[0055] FIG.4A s adiagram showing map data version
1 according to the first embodiment of the present inven-
tion. The map data version 1 is the original map data.
[0056] FIG. 4B is adiagram showing map data version
2 according to the first embodiment of the present inven-
tion. The map data version 2 is the latest map data.
[0057] When the map data version 1 is compared with
the map data version 2, itis found that a link 401 included
in the map data version 1 is deleted and links 402 and
403 are added, in the map data version 2. Therefore, the
difference data indicates the deletion of the link 401 and
the addition of the links 402 and 403.

[0058] Map update data is generated from the differ-
ence data by collecting data of connected links which
have been added, deleted, or changed. For example,
first map update data indicates the addition of the link
403. Further, second map update data indicates the de-
letion of the link 401 and the addition of the link 402.
[0059] Inthe firstembodiment of the present invention,
when the map data of an update target area is updated,
road connectivity can be ensured by applying the map
update data corresponding to the update target area to
the map data before updated.

[0060] It is assumed that the map data version 1 is
currently stored in the database 202 included in the ter-
minal 12. Further, itis assumed that the map data version
2, which is the latest map data, is stored in the map dis-
tribution server 11. A description will be given to a case
where an area having area ID 4 is an update target area.
[0061] FIG. 4C is a diagram showing map data ob-
tained after one of areas is updated in the first embodi-
ment of the present invention.

[0062] The first map update data does not need to be
reflected in the map data stored in the terminal 12 be-
cause the link 403 is not included in the area having area
ID 4. On the other hand, the second map update data
needs to be reflected in the map data stored in the ter-
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minal 12 because the links included in the area having
area ID 4 are updated. Areas having area IDs 2 and 3,
which correspond to the second map update data, are
also updated.

[0063] Since the map data stored in the terminal 12 is
updated based on the map update data as described
above, the map distribution server 11 holds, foreach area
in each version, the applied map update data and the
area or the areas updated together. Example update in-
formation for each areain each versionis showninFIG. 5.
[0064] FIG.5isadiagramshowinganarea-based map
update data management table 500 according to the first
embodiment of the present invention. In the area-based
map update data management table 500, a record is cre-
ated for each area in each version. The area-based map
update data management table 500 may be included in
the difference data generator 216 or in the difference
data database 215.

[0065] The area-based map update data management
table 500 includes an area ID 501, a version 502, a nec-
essary map update data ID list 503, and an update target
area ID list 504. The area ID 501 is an identifier of an
area. The version 502 is a sequence number indicating
a version of the area.

[0066] The necessary map update data ID list 503
stores an identifier of map update data which needs to
be applied to the map data of the area identified by the
area ID 501 and the version 502. The update target area
ID list 504 stores an identifier of an area or areas to be
updated together when the map data of the area identified
by the area ID 501 and the version 502 is updated.
[0067] To update map data of a particular area, the
terminal 12 first sends version information of the map
data held in the terminal 12 and the update target area
ID to the map distribution server 11. When the update
target area ID and the version information are received,
the map distribution server 11 refers to the area-based
map update data management table 500 and creates a
list of map update data that has been applied to the map
data stored in the terminal 12 (applied-update-data list).
[0068] Next, the map distribution server 11 obtains a
list of map update data associated with the received up-
date target area ID. When map update data included in
the applied-update-data list is deleted from the list of map
update data associated with the received update target
area ID, a list of map update data required to update the
update target area can be generated. As described
above, only the map update data required to update the
area specified by the terminal 12 can be obtained, and
the required downloading time can be reduced.

[0069] Hereinafter, a description will be given to a pro-
cedure to update map data stored in the terminal 12 in
the first embodiment of the present invention.

[0070] FIG. 6is a diagram showing an overview of the
procedure to update map data stored in the terminal 12
of the first embodiment of the present invention. The map
data update processing is executed when the user op-
erates the input device 144 of the terminal 12.
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[0071] First, the CPU 141 of the terminal 12 requests,
through the process of the application launcher 205, the
map distribution server 11 to send difference data for an
update target area specified by the user. When the dis-
tributed difference data is received, the CPU 141 per-
forms an updated-data generating process 610 to gen-
erate updated data. The generated updated data is
stored in the updated-data store part 210.

[0072] When all pieces of updated data have been
generated, the CPU 141 of the terminal 12 performs an
updated-data transferring process 611 to make the da-
tabase 202 reflect the generated updated data. The up-
dated-data transferring process 611 is performed repeat-
edly until the updated data has been fully transferred from
the updated-data store part 210 to the database 202 and
stored in the database 202. When a large amount of up-
dated data is transferred, a long time is required to com-
plete the updated-data transferring process 611.

[0073] Inthe firstembodiment of the presentinvention,
even while the updated-data transferring process 611 is
being performed, the updated-data management part
201 can perform the navigation function by using the up-
dated map data.

[0074] When a map data request 615 is received, the
CPU 141 of the terminal 12 searches the updated data
stored in the updated-data store part 210 for the request-
ed map data, through an updated-data searching proc-
ess 612 performed by the updated-data management
part 201. When the requested map data is stored in the
updated-data store part 210, the CPU 141 of the terminal
12 fetches the requested map data from the updated-
data store part 210. When a part or the whole of the re-
quested map data is not stored in the updated-data store
part 210, the CPU 141 of the terminal 12 searches the
database 202 for the map data. The map data fetched
from the database 202, the map data fetched from the
updated-data store part 210, or map data obtained by
combining pieces of the map data fetched from the da-
tabase 202 and the updated-data store part 210 is sent
as a map data response 614 in which road connectivity
is ensured.

[0075] FIG. 7 is a diagram showing a data structure of
the updated-data store part 210 of the first embodiment
of the present invention.

[0076] The updated-data store part 210 includes up-
dated-data search index information 701 and updated
data 702.

[0077] The updated-data searchindexinformation 701
stores index information about the updated data 702
stored in the updated-data store part 210. The updated-
data search index information 701 has a structure such
that updated data can be fetched at a high speed. In the
structure, an identifier of the updated data 702 and the
address of the location where the updated data 702 is
stored are associated with each other. The updated data
can be searched for by a known search algorithm such
as binary tree search or linear search. Specifically, the
updated-data search index information 701 includes an
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updated-data identifier 703 and an updated-data address
704. The updated-data identifier 703 corresponds to the
area ID of an update target area, for example.

[0078] The updated data 702 is obtained after differ-
ence data distributed from the map distribution server 11
is applied to the map data stored in the database 202.
[0079] Since the updated data corresponds only to an
updated area, a large capacity is not required to store a
corresponding index. Therefore, it is possible to create
the index and to search for the updated data at a high
speed. Note that the updated data is deleted when the
updated data is completely reflected in the database 202.
[0080] FIG. 8 is a flowchart showing the entire proce-
dure of the update process for the map data stored in the
terminal 12, according to the first embodiment of the
present invention. The map data update process is per-
formed when the CPU 141 of the terminal 12 executes
the various programs stored in the memory 142.

[0081] First, the CPU 141 of the terminal 12 performs
a difference data fetching process 801. The difference
data fetching process 801 is performed when the differ-
ence data fetch part 206 is executed.

[0082] The CPU 141 of the terminal 12 executes the
updated-data generator 207 to perform the updated-data
generating process 610. In the updated-data generating
process 610, updated data is generated by using differ-
ence data fetched through the difference data fetching
process 801 and map data stored in the database 202
of the terminal 12.

[0083] When the updated-data generating process
610 has been completed, the CPU 141 of the terminal
12 performs an update-ready notifying process 803. In
the update-ready notifying process 803, a notification in-
dicating that updating is ready is sent to a module which
uses map data, such as an application.

[0084] When the update-ready notifying process 803
is performed, the CPU 141 of the terminal 12 switches
the map data to be searched for to the updated data.
Then, the CPU 141 performs the updated-data transfer-
ring process 611, to make the updated data reflected in
the database 202, in parallel with another process.
[0085] When the updated-data transferring process
611 is completed, the CPU 141 of the terminal 12 per-
forms an update completion notifying process 805 to
send a notification indicating that the updating has been
completed to the module which uses the map data, and
ends the map updating.

[0086] FIG.9isadiagram showing a data update state
in each process of the map data update processing ac-
cording to the first embodiment of the present invention.
[0087] Inthe firstembodiment of the presentinvention,
a temporary storage region, the updated-data store part
210, in which the updated data is stored, and the data-
base 202, in which the updated map data is finally stored,
are used in processes of the map data update process-
ing. Note that the temporary storage region may be pro-
vided for the memory 142. Alternatively, the temporary
storage region may be provided for the external storage
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146 or the like. The map data may be stored in the tem-
porary storage region as files or tables in a database.
[0088] The CPU 141 of the terminal 12 first performs
the difference data fetching process 801 to fetch map
update data from the map distribution server 11. In FIG.
9, reference numeral 901 indicates a state in which the
map update data is fetched from the map distribution
server 11 viathe network 120 and stored in the temporary
storage region. Hereinafter, the difference data fetching
process 801 will be described together with the data
structure of difference data.

[0089] FIG. 10is a diagram showing an example data
structure of difference data according to the first embod-
iment of the present invention.

[0090] Difference data includes an update-extension-
area ID list 1001 and area difference data 1002 for each
area. The update-extension-area ID list 1001 includes
an area ID and the address at which the difference data
1002 for the area specified by the area ID is stored. With
this structure, difference data can be extracted for each
area.

[0091] The area difference data 1002 for each area
includes an area ID 1003 and difference data 1004 for
the area specified by the area ID 1003. The difference
data 1004 includes information about an addition, dele-
tion, and change of the map data for an update target
area. When the map data is updated based on the infor-
mation stored in the difference data 1004, the latest map
data is obtained.

[0092] Referringto FIG. 10, a description will be given
to an example case where difference data for each area
included in pieces of map update data 1013, 1014, and
1015 is extracted.

[0093] In the difference data fetching process 801, a
difference data storage region for an update extension
area included in an update-extension-area ID list 1010
is allocated in the temporary storage region. Difference
data for each area is stored in the allocated difference
data storage region.

[0094] Specifically, the CPU 141 of the terminal 12 first
creates an area_1 difference data storage region 1020
in order to store area_1 difference data 1011 included in
map update data 1013. Then, the area_1 difference data
1011 included in the map update data 1013 is recorded
in the area_1 difference data storage region 1020. Dif-
ference data for another update extension area, such as
an area 2, is similarly recorded. Difference data for each
update extension area included in map update data 1014
and 1015 is extracted and stored in the corresponding
difference data storage region.

[0095] When the difference data fetching process 801
is finished and the difference data for each update target
area is stored in the temporary storage region in the ter-
minal 12, the CPU 141 of the terminal 12 generates up-
dated data which reflects the difference. In FIG. 9, refer-
ence numeral 902 indicates a state of the temporary stor-
age region in which update target data has been fetched
from the database 202. In FIG. 9, reference numeral 903

10

15

20

25

30

35

40

45

50

55

indicates a state of the temporary storage region in which
the difference data has been applied to the update target
data, fetched from the database 202. Hereinafter, a pro-
cedure of the updated-data generating process 610 will
be described together with processes performed before
and after the updated-data generating process 610.
[0096] FIG. 11 is a diagram showing a procedure of
the updated-data generating process 610 according to
the first embodiment of the present invention.

[0097] When a map data update request is received
from the application launcher 205 through an operation
of the user, the CPU 141 of the terminal 12 performs the
process of the difference data fetch part 206. The CPU
141 of the terminal 12 requests the map distribution serv-
er 11 to send required difference data via the terminal-
side communicator 212, based on information on the
specified update target area included in the update re-
quest.

[0098] When the difference data is received from the
map distribution server 11, the CPU 141 of the terminal
12 executes the updated-data generator 207 to make the
received difference data reflected in the data stored in
the database 202 to generate updated data. The gener-
ated updated data is stored in the updated-data store
part 210. When the updated data is fully generated for
the area specified in the update request, the CPU 141 of
the terminal 12 ends the updated-data generating proc-
ess 610.

[0099] Justbefore endingthe updated-data generating
process 610, the CPU 141 of the terminal 12 sends a
buffer-data delete signalto discard data stored in a buffer,
to an operating application, through the process of the
resident application monitoring part 208. This is to use,
when the updated data has been fully generated, the
updated data, not the data before updated.

[0100] When the buffer-data delete signal is received,
the CPU 141 of the terminal 12 discards the map data
held by the operating application through the process of
the application launcher 205. Then, the CPU 141 of the
terminal 12 fetches required map data through the proc-
ess of the update-extension-area deciding part 203. A
data flow in fetching the required map data will be de-
scribed later with reference to FIGS. 14 and 15.

[0101] When the updated-data generating process
610 is ended, the CPU 141 of the terminal 12 executes
the updated-data transfer part 211 to start the updated-
data transferring process 611. In the updated-data trans-
ferring process 611, the CPU 141 of the terminal 12
makes the database 202 reflect the generated updated
data. A data flow in making the database 202 reflect the
updated data stored in the updated-data store part 210
is shown in the lowest part in FIG. 9. When a request for
map data is received from an application while the up-
dated-data transferring process 611 is being performed,
the CPU 141 of the terminal 12 sends the updated data
stored in the updated-data store part 210 in response.
Hereinafter, a procedure of the updated-data transferring
process 611 will be described.
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[0102] FIG. 12is a diagram showing a data flow in the
updated-data transferring process 611 according to the
first embodiment of the present invention. The updated-
data transferring process 611 is performed when the
CPU 141 of the terminal 12 executes the updated-data
transfer part 211.

[0103] The CPU 141 of the terminal 12 transfers the
updated data to the database 202 to make the updated
datareflected in the database 202 when the process load
of the application being executed by the application
launcher 205 is low.

[0104] The updated-data transferring process 611 is
performed until the updated data is fully transferred to
the database 202, which depends on an application ex-
ecution state. Note that the application execution state
can be obtained by the application monitoring part 208.
[0105] The CPU 141 of the terminal 12 executes an
application and the updated-data transferring process
611 in parallel by using a known task scheduling method
such as an updated-data periodical transfer method.
[0106] FIG. 13 is a diagram showing a procedure of
the updated-data transferring process 611 according to
the first embodiment of the present invention.

[0107] First, the CPU 141 of the terminal 12 performs
an application monitoring process to obtain the operation
state of an application being executed in parallel with the
updated-data transferring process 611 (Step 1301). In
the application monitoring process, the CPU 141 of the
terminal 12 determines whether the process load of the
application is high by using a known technique.

[0108] In the application monitoring process, the CPU
141 of the terminal 12 also monitors a map data fetch
request and determines whether a request to fetch map
data has been sent from the application (Step 1303).
When a request to fetch map data has been sent from
the application ("yes" in Step 1303), the CPU 141 of the
terminal 12 executes the map data search engine 204 to
perform an application-requesting-data searching proc-
ess (Step 1305), and waits for the requested map data
to be fetched.

[0109] When map data corresponding to the update
extension area has been requested, the CPU 141 of the
terminal 12 executes the updated-data search part 209
to fetch the updated data, in the application-requesting-
data searching process. Further, when map data not cor-
responding to the update extension area has been re-
quested, the CPU 141 of the terminal 12 fetches the map
data from the database 202. Details of the application-
requesting-data searching process will be described later
with reference to FIG. 16.

[0110] When arequest to fetch map data has not been
sent from the application ("no" in Step 1303), the CPU
141 of the terminal 12 determines whether the process
load of the application is higher than a predetermined
threshold (Step 1304). When the process load of the ap-
plication is higher ("yes" in Step 1304), the process flow
returns to the application monitoring process of Step
1301, without performing the data update process.
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[0111] When the process load of the application is not
higher ("no" in Step 1304), the CPU 141 of the terminal
12 transfers the updated data stored in the updated-data
store part 210 (Step 1306A) to make the updated data
reflected in the database 202 (Step 1306B).

[0112] The CPU 141 of the terminal 12 finally deter-
mines whether the updated data has been completely
reflected in the database 202 (Step 1307). When the up-
dated data has not been completely reflected in the da-
tabase 202 ("no" in Step 1307), the process flow returns
to the application monitoring process of Step 1301. On
the other hand, when the updated data has been com-
pletely reflected in the database 202 ("yes" in Step
1307) , the process is ended.

[0113] FIG. 14 is a diagram of a data flow in a process
where an application requests map data in the first em-
bodiment of the present invention.

[0114] When a map data request 1400 is sent from an
application, the CPU 141 of the terminal 12 executes the
map data search engine 204. In the map data request
1400, an area whose map data is requested is specified.
[0115] When the map data search engine 204 is exe-
cuted, the CPU 141 of the terminal 12 extracts, from the
map data request 1400, the area ID of the area whose
map data is to be fetched. The CPU 141 of the terminal
12 executes the update-extension-area deciding part
203 to determine whether the map data having the ex-
tracted area ID is to be updated.

[0116] When the map data having the extracted area
ID is not to be updated, the CPU 141 of the terminal 12
fetches the map data from the database 202. On the other
hand, when the map data having the extracted area ID
is to be updated, the CPU 141 of the terminal 12 executes
the updated-data search part 209 to search the updated-
data store part 210 to fetch the requested map data. At
this time, when the updated data has already been stored
in the database 202, the CPU 141 of the terminal 12 may
fetch the data from the database 202.

[0117] FIG. 15is a diagram of a data flow in a process
of fetching requested map data and sending the map
data to an application, in the first embodiment of the
present invention.

[0118] When map data that is not to be updated has
been requested, the CPU 141 of the terminal 12 sends
non-update-target map data 1501 from the database 202
to the update-extension-area deciding part 203. On the
other hand, when map data that is to be updated has
been requested, the CPU 141 of the terminal 12 sends
updated data 1500 from the updated-data store part 210
to the update-extension-area deciding part 203 through
the process of the updated-data search part 209.
[0119] The CPU 141 of the terminal 12 may send the
fetched updated data 1500 to the updated-data transfer
part 211. When the updated data 1500 is sent to the
updated-data transfer part 211 and reflected in the data-
base 202, the number of times map data is read from the
updated-data store part 210 is reduced.

[0120] The CPU 141 of the terminal 12 combines the
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received non-update-target map data 1501 and updated
data 1500 in the process of the update-extension-area
deciding part 203, and sends resultant map data to the
map data search engine 204. The CPU 141 of the termi-
nal 12 sends resultant map data 1502 to the application.
[0121] FIG. 16 is a diagram of an application-request-
ing-data searching process according to the first embod-
iment of the present invention.

[0122] When a request for map data is received from
an operating application, the CPU 141 of the terminal 12
executes the update-extension-area deciding part 203
to determine whether the requested map data corre-
sponds to the update extension area. Whether the re-
quested map data corresponds to the update extension
area is determined by referring to the updated-data
search index information 701 included in the updated-
data store part 210. Specifically, it is determined that the
requested map data corresponds to the update extension
area when an updated-data search index 701 has an
updated-data address 704 corresponding to an update
target area. Note that the updated-data identifier 703
shown in FIG. 16 corresponds to the area ID, as de-
scribed above.

[0123] Further, the address value of updated data that
has already been transferred to the database 202
through the updated-data transferring process 611 is
changed to "0000" as shown in an index 1601. As de-
scribed above, whether the requested updated data of
the area has been reflected in the database 202 can be
determined in the process of the update-extension-area
deciding part 203.

[0124] FIG. 17 is a diagram of a process performed
when map data is updated in the first embodiment of the
present invention.

[0125] When an instruction to update map data is re-
ceived from the user, the terminal 12 starts an update
process (1701). A normal navigation process is per-
formed until the update process is started.

[0126] The terminal 12 receives difference data from
the map distribution server 11 and generates updated
data (1705). The navigation process is performed by us-
ing data before updated because data consistency can-
not be ensured until the updated data is generated
(1702).

[0127] When the updated data has been generated,
the terminal 12 notifies an application that the updating
has been completed, transfers the updated data stored
in the updated-data store part 210 to the database 202,
and starts an index update process (1706). The terminal
12 performs the navigation process (1703) by using the
updated data, obtained by combining the map data
stored in the database 202 and the updated data stored
in the updated-data store part 210 through the process
of the update-extension-area deciding part 203.

[0128] Inthe terminal 12, when the index update proc-
ess is completed and the updated data has been fully
transferred to the database 202, the map data stored in
the database 202 serves as updated data. Thereafter,
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the terminal 12 performs the normal navigation process
by using the updated data (1704).

[0129] As described above, according to the present
invention, it is not necessary to stop the navigation func-
tion even while the map data and the index of the map
data are being updated.

[0130] FIG. 18 is a diagram of the processes in the
procedure and corresponding screen transitions accord-
ing to the first embodiment of the present invention.
[0131] When an instruction to update map data is re-
ceived from the user, the terminal 12 performs the differ-
ence data fetching process 801. At this time, the output
device 145 of the terminal 12 displays a difference data
fetching state (1801).

[0132] After the difference data required to update the
map data is fetched, the terminal 12 performs the updat-
ed-data generating process 610. At this time, the output
device 145 of the terminal 12 displays a message indi-
cating that the map data is being updated (1802). Note
that a massage to the user just needs to indicate that
some process is being performed to generate updated
data, to make the user understand that difference data
has been downloaded.

[0133] When the updated data has been generated,
the terminal 12 can use the latest data. The terminal 12
then discards the data before updated, held by the ap-
plication, and performs the update-ready notifying proc-
ess 803 to fetch the updated data. At this time, the output
device 145 of the terminal 12 displays a message indi-
cating that the map data is changed to the updated map
data (1803). In the first embodiment of the present inven-
tion, the navigation function is stopped only while the
data before updated, held by the application, is being
discarded in the update-ready notifying process 803.
[0134] The terminal 12 performs the updated-data
transferring process 611 to transfer the data to the data-
base 202 and to generate indexes. At this time, the output
device 145 of the terminal 12 displays the progress in
order to indicate that the updated-data transferring proc-
ess 611 is being performed (1804). At this stage, it is
possible to notify the user that performance is lowered
due to the updating process of the database 202, al-
though the navigation function is performed by using the
latest data.

[0135] The terminal 12 finally performs the update
completion notifying process 805 to notify that the map
data has been updated. At this time, the output device
145 of the terminal 12 displays a message indicating the
completion of updating of the map data (1805).

[0136] According to the firstembodiment ofthe present
invention, even while indexes are being generated in the
database 202, the updated map data can be referred to
by fetching the updated data from the updated-data store
part 210.

[0137] Further, according to the first embodiment of
the present invention, since it is not necessary to stop
the navigation function except for the timing to clear the
buffer data to switch from the map data before updated
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to the updated map data, the downtime of the navigation
function can be reduced.

[0138] Note that the present invention is applied to a
terminal to be mounted in a vehicle in the first embodi-
ment of the present invention, and the present invention
may also be applied to mobile terminals such as cellular
phones or personal digital assistants (PDAs).

Second Embodiment

[0139] Inthe firstembodiment of the presentinvention,
updated data is stored in the updated-data store part. In
a second embodiment of the present invention, updated
data is also stored in a database.

[0140] A map datadistribution system according to the
second embodiment of the present invention has the
same configuration as the map data distribution system
ofthe first embodiment. Note that descriptions of identical
parts and identical processes are omitted.

[0141] FIG. 19 is a diagram showing example tables
stored in a database of the second embodiment of the
present invention. FIG. 19 shows a road name table
1901, an updated-road-name table 1902, an area data
table 1903, and an updated-area-data table 1904.
[0142] The road name table 1901 includes an area ID,
alink 1D, and a name data column. The name data column
stores name data of each road. The updated-road-name
table 1902 has the same structure as the road name table
1901.

[0143] The area data table 1903 has the same struc-
ture as the area data table 300 of the first embodiment
of the present invention. The updated-area-data table
1904 has the same structure as the area data table 1903.
[0144] In this way, when the updated data is managed
by using DBMS, common means can be used both for
searching for data before updated and for searching for
updated data. Hereinafter, a procedure to search for up-
dated data which has not been reflected in the database
will be specifically described.

[0145] FIG. 20 is a flowchart showing a procedure of
an application-requesting-data searching process ac-
cording to the second embodiment of the present inven-
tion.

[0146] First,the CPU 141 ofthe terminal 12 determines
the type of requested data (Step 2001). In the second
embodiment of the present invention, it is determined
whether the requested data is name data of a road or
area data. The CPU 141 of the terminal 12 performs a
process corresponding to the determined type of data. If
there is another type of data, such as traffic regulation
information, in addition to the aforementioned two types
of data, there needs a process corresponding to the other
type of data.

[0147] In a case where the type of data is determined
to be "name data" ("name data" in Step 2001), the CPU
141 of the terminal 12 performs an updated- road-name
table searching process (Step 2002). In the updated-
road-name table searching process, the updated-road-
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name table 1902 is searched for the requested data.
Then, the CPU 141 ofthe terminal 12 determines whether
the requested data has been found in the updated data
(Step 2004).

[0148] When the requested data has been found in the
updated data ("yes" in Step 2004), the CPU 141 of the
terminal 12 extracts the requested data from the updated
data. On the other hand, when the requested data has
not been found in the updated data ("no" in Step 2004),
the CPU 141 of the terminal 12 searches the road name
table 1901 for the requested data and extracts the re-
quested data from the road name table 1901 (Step 2006).
[0149] On the other hand, in a case where the type of
data is determined to be "area data" ("area data" in Step
2001), the CPU 141 of the terminal 12 performs an up-
dated-area-data table searching process (Step 2003). In
the updated-area-data table searching process, the up-
dated-area-datatable 1904 is searched for the requested
data. Then, the CPU 141 of the terminal 12 determines
whether the requested data has been found in the up-
dated data (Step 2005).

[0150] When the requested data has been found in the
updated data ("yes" in Step 2005), the CPU 141 of the
terminal 12 extracts the requested data from the updated
data. On the other hand, when the requested data has
not been found in the updated data ("no" in Step 2005),
the CPU 141 of the terminal 12 searches the area data
table 1903 for the requested data and extracts the re-
quested data from the area data table 1903 (Step 2007).
[0151] As described above, since the table for storing
updated data corresponding to the table for storing re-
quested data is generated in the database, a common
procedure can be used to fetch the updated data.
[0152] According to the second embodiment of the
present invention, updated data can be easily managed
by using the function of DBMS. Further, flexible searching
can be performed by using the function of DBMS.

Third Embodiment

[0153] In the first and second embodiments of the
present invention, link data and node data are stored in
the area data table in a compressed format. In a third
embodiment of the present invention, one record of road
data is stored for each link or each node.

[0154] FIG. 21 is a diagram showing a node data table
2101 and a link data table 2102 according to the third
embodiment of the present invention.

[0155] The node datatable 2101 and the link data table
2102 store the same information as in the firstand second
embodiments of the present invention. When data is
stored in the table format in this way, requested data can
be searched for by using a search function of DBMS.
[0156] FIG. 22 is a diagram showing tables for storing
updated data, according to the third embodiment of the
present invention.

[0157] Inacase where node data or link data is stored
in units of records in the table as in the third embodiment
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of the present invention, a table for storing updated data
for nodes and a table for storing updated data for links
are required. For this reason, an updated-node-data ta-
ble 2201 and an updated-link-data table 2202 are further
providedinthe third embodiment of the presentinvention.
[0158] The updated-node-datatable 2201 has a struc-
ture obtained by adding a column of "process type" to
the node data table 2101. Similarly, the updated-link-data
table 2202 has a structure obtained by adding a column
of "process type" to the link data table 2102. The column
of "process type" stores the content of a process, such
as "deletion" or "addition" of the record.

[0159] Searching the tables storing map data, such as
the node data table 2101, by using the search function
of DBMS can also be used to search the tables storing
updated data, such as the updated-node-data table
2201. For example, when coordinates (x,y) are specified
to specify a zone which includes the coordinates to
search for a node included in the zone, the node data
table 2101 and the updated-node-data table 2201 are
both requested to be searched. Updated data can be
obtained by applying a process such as addition, dele-
tion, or update, according to the process type obtained
from the updated-node-data table 2201, to the results
obtained from the node data table 2101.

[0160] According to the third embodiment of the
presentinvention, pieces of information constituting node
data and/or link data can be flexibly searched for by using
a function of DBMS.

Claims
1. A map data distribution system comprising:

a data distribution server which distributes map
data; and

a terminal which receives the map data,

the data distribution server including a differ-
ence data database for storing, when the map
data is updated, difference data between map
data before updated and updated map data, for
each area, and

the terminal including:

a database for storing the map data distrib-
uted from the map distribution server; and
an updated-data store part for storing the
updated map data until the updated map
data is reflected in the database, wherein:

when a request for map data of ah updated tar-
get area is received from the terminal, the data
distribution server sends difference data for the
updated target area from the difference data da-
tabase to the terminal;

the terminal generates updated data by applying
the difference data sent from the data distribu-
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tion server to the map data stored in the data-
base;

the terminal writes the generated updated data
in the updated-data store part;

the terminal writes the updated data stored in
the updated-data store part, in the database;
when arequest to fetch the map data is received
from an application which uses the map data
while the updated data stored in the updated-
data store part is being written in the database,
the terminal determines whether the fetch-re-
quested map data has been stored in the updat-
ed-data store part;

when the fetch-requested map data has been
stored in the updated-data store part, the termi-
nal fetches the fetch-requested map data from
the updated-data store part; and

when the fetch-requested map data has not
been stored in the updated-data store part, the
terminal fetches the fetch-requested map data
from the database.

2. A map data distribution system according to claim
1, wherein:

an area to be also updated when the map data
of the updated target area is updated is stored
in the difference data database as an update
extension area corresponding to the updated
target area; and

the data distribution server sends, to the termi-
nal, the difference data for the update target area
and the difference data for the update extension
area corresponding to the update target area.

3. A map data distribution system according to claim
1, wherein, when an area corresponding to the fetch-
requested map data includes an update target area
and an area that is not an update target area, the
terminal combines a part of the updated data stored
in the updated-data store part and a part of the map
data stored in the database to fetch the fetch-re-
quested map data.

4. A map data distribution system according to claim
1, wherein:

the terminal further comprises a monitor part for
extracting an operation state of the terminal; and
when the operation state of the terminal extract-
ed by the monitor partindicates that an operation
load of the terminal is low, the terminal makes
the database reflect the updated data stored in
the updated-data store part.

5. A map data distribution system according to claim
1, wherein the terminal provides, in response to the
request to fetch map data, the map data stored in
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the database until the generated updated data is fully
written in the updated-data store part.

A map data distribution system according to claim 5,
wherein, when the generated updated data has been
fully written in the updated-data store part, the ter-
minal notifies that the updated map data is to be pro-
vided.

A map data updating method for a map data distri-
bution system including a data distribution server
which distributes map data and a terminal which re-
ceives the map data, the map data updating method
updating the map data stored in the terminal,

the data distribution server including a difference da-
ta database for storing, when the map data is updat-
ed, difference data between map data before updat-
ed and updated map data, for each area, and

the terminal including:

a database for storing the map data distributed
from the map distribution server; and

an updated-data store part for storing the updat-
ed map data until the updated map data is re-
flected in the database,

the map data updating method comprising the steps
of:

when a request for map data of an updated tar-
get area is received from the terminal, the data
distribution server sending difference data for
the updated target area from the difference data
database to the terminal;

the terminal generating updated data by apply-
ing the difference data sent from the data distri-
bution server to the map data stored in the da-
tabase;

the terminal writing the generated updated data
in the updated-data store part;

the terminal writing the updated data stored in
the updated-data store part, in the database;
when arequest to fetch the map data is received
from an application which uses the map data
while the updated data stored in the updated-
data store part is being written in the database,
the terminal determining whether the fetch-re-
quested map data has been stored in the updat-
ed-data store part;

when the fetch-requested map data has been
stored in the updated-data store part, the termi-
nal fetching the fetch-requested map data from
the updated-data store part; and

when the fetch-requested map data has not
been stored in the updated-data store part, the
terminal fetching the fetch-requested map data
from the database.
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A map data updating method according to claim 7,
wherein:

the data distribution server stores, when storing
the difference data, an area to be also updated
when the map data of the updated target area
is updated, as an update extension area corre-
sponding to the updated target area, in the dif-
ference data database; and

the data distribution server sends, to the termi-
nal, the difference data forthe update targetarea
and the difference data for the update extension
area corresponding to the update target area.

A map data updating method according to claim 7,
wherein, when an area corresponding to the request-
ed map data includes an update target area and an
area that is not an update target area, the terminal
combines a part of the updated data stored in the
updated-data store part and a part of the map data
stored in the database to fetch the fetch-requested
map data.

A map data updating method according to claim 7,
wherein:

the terminal further includes a monitor part for
extracting an operation state of the terminal; and
the map data updating method further compris-
es the step of, the operation state of the terminal
extracted by the monitor part indicates that an
operation load of the terminal is low, the terminal
making the database reflect the updated data
stored in the updated-data store part.

A map data updating method according to claim 7,
wherein the terminal provides, in response to the re-
quest to fetch map data, the map data stored in the
database until the generated updated data is fully
written in the updated-data store part.

A map data updating method according to claim 11,
wherein, when the generated updated data has been
fully written in the updated-data store part, the ter-
minal notifies that the updated map data is to be pro-
vided.
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